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.2013.02.0Abstract The objective of this paper is to study the effects of Hall current and radiation absorption
on MHD free convection mass transfer ﬂow of a micropolar ﬂuid in a rotating frame of reference. A
uniform magnetic ﬁeld acts perpendicular to the porous surface in which absorbs micropolar ﬂuid
with a constant suction velocity. The entire system rotates about the axes normal to the plate with
uniform angular velocity X. The dimensionless governing equations for this investigation are
reduced to a system of linear differential equations using regular perturbation method, and equa-
tions are solved analytically. The inﬂuence of various ﬂow parameters of the ﬂow ﬁeld has been dis-
cussed and explained graphically. The present study is of immediate interest in geophysical,
cosmically ﬂuid dynamics, medicine, biology, and all those processes which are greatly embellished
by a strong magnetic ﬁeld with a low density of the gas.
 2013 Ain Shams University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Micropolar ﬂuids are ﬂuids with microstructure and asymmet-
rical stress tensor. Physically, they represent ﬂuids consisting
of randomly oriented particles suspended in a viscous medium.
These types of ﬂuids are used in analyzing liquid crystals, ani-
mal blood, ﬂuid ﬂowing in brain, exotic lubricants, the ﬂow of
colloidal suspensions, paints, turbulent shear ﬂows, and body
ﬂuids after mathematically and industrially [1,2]. The theory9574488.
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02of micropolar ﬂuids was developed by Eringen [3,4]. The com-
prehensive literature on micropolar ﬂuids, thermomicropolar
ﬂuids and their applications in engineering and technology
were presented by [5,6]. Srinivasacharya et al. [7] analyzed
the unsteady stokes ﬂow of micropolar ﬂuid between two par-
allel porous plates. Muthuraj and Srinivas [8] investigated fully
developed MHD ﬂow of a micropolar and viscous ﬂuid in a
vertical porous space using HAM.
The study of heat and mass transfer for an electrically con-
ducting micropolar ﬂuid past a porous plate under the inﬂu-
ence of a magnetic ﬁeld in a rotating frame of reference has
attracted the interest of many investigators in view of its appli-
cations in many industrial (in the design of turbines and turbo
mechanics), astrophysical (dealing with the sunspot develop-
ment, the solar cycle and the structure of a rotating magnetic
stars), geophysical (hydrologists to study the migration of
the underground water, petroleum engineers to observe theier B.V. All rights reserved.
Nomenclature
B0 applied magnetic ﬁeld
C concentration of the solute
Cf skin friction coefﬁcient
Cp speciﬁc heat at constant pressure
Cs couple stress coefﬁcient
Cw concentration of the solute at the plate
C1 concentration of the solute far away from the plate
Dm molecular diffusivity
ene electron charger
F heat radiation parameter
g acceleration due to gravity
Gm modiﬁed Grashof number
Gr Grashof number
H magnetic ﬁeld strength
H0 the externally applied transverse magnetic ﬁeld
i imaginary unit
j micro inertia density
J current strength
K permeability of porous medium
k thermal conductivity of the ﬂuid
k\ mean absorption coefﬁcient
M magnetic ﬁeld parameter
m hall parameter
n frequency of oscillation
ne number electron density
Nu Nusselt number
Pe electron pressure
Pr Prandtl number
Q additional heat source
Ql radiation absorption parameter
qr radiative heat ﬂux
R rotational parameter
Rex local Reynolds number
Rr chemical reaction rate constant
S suction parameter
Sc Schmidt number
Shx Sherwood number
T temperature of the ﬂuid in the boundary layer
t non-dimensional time
Tw wall temperature of the ﬂuid
T1 temperature of the ﬂuid far away from the plate
Ur uniform reference velocity
V velocity vector
w0 normal velocity
(u, v, w) velocity components
(x, y, z) Cartesian co-ordinates
ðx1; x2Þ micro-rotation components
Greek symbols
a chemical reaction parameter
bC coefﬁcient of concentration expansion
bT coefﬁcient of thermal expansion
D viscosity ratio
t kinematic viscosity
tr kinematic micro-rotation viscosity
K spin gradient velocity
X angular velocity
k dimensionless material parameter
l coefﬁcient of viscosity
le magnetic permeability
r electrical conductivity of the ﬂuid
r\ Stefan-Boltzmann constant parameter
e small constant quantity
q density of the ﬂuid
se electron collision time
x micro-rotation proﬁle
xe electron frequency
/ non-dimensional concentration
h non-dimensional temperature
Subscripts
w condition at the wall
1 condition at free stream
844 P.V. Satya Narayana et al.movement of oil and gas through the reservoir), and many
other practical applications, that is, in biomechanical problems
(e.g., blood, ﬂow in the pulmonary alveolar sheet). It is well
known that a number of astronomical bodies possess ﬂuid
interiors and magnetic ﬁelds. Changes that take place in the
rate of rotation suggest the possible importance of hydromag-
netic spin-up. Also rotating heat exchangers are extensively
used by the chemical and automobile industries. The pioneer-
ing works [9,10] have laid the foundation stone in this ﬁeld.
Many authors have studied the ﬂow and heat transfer in a
rotating system with various geometrical situations [11–15].
The combined heat and mass transfer problems with chem-
ical reaction are of importance in many processes and have,
therefore, received a considerable amount of attention in re-
cent years. In processes, such as drying, evaporation at the sur-
face of a water body, energy transfer in a wet cooling the
tower, and the ﬂow in a desert cooler, the heat and mass trans-
fer occurs simultaneously. Damesh et al. [16] have studied the
combined effect of heat generation or absorption and ﬁrstorder chemical reaction to micropolar ﬂuid ﬂows over a uni-
form stretched surface. Some other related works can also be
found in the papers [17–19].
In all the previous investigations, the effect of thermal radi-
ation on the ﬂow and heat transfer has not been provided. The
effect of radiation on MHD ﬂow and heat transfer problem
has become more important industrially. At high operating
temperatures, radiation effect can be quite signiﬁcant, many
processes in engineering areas occur at high temperatures
and knowledge of radiation heat transfer become very impor-
tant for design of reliable equipment, nuclear plants, gas tur-
bines and various propulsion devices or aircrafts, missiles,
satellites, and space vehicles. Abo-eldohad and Ghonaim [20]
analyzed the radiation effects on heat transfer of a micropolar
ﬂuid through a porous medium. Rahman and Sultana [21]
have studied the steady convective ﬂow of a micropolar ﬂuid
past a vertical porous ﬂat plate in the presence of radiation
with variable heat ﬂux in porous medium. The effects of ther-
mal radiation were also investigated by the researchers [22,23].
Effects of Hall current and radiation absorption on MHD micropolar ﬂuid in a rotating system 845From the scientiﬁc point of observation, ﬂow arising from
temperature and material difference is applied in chemical
engineering, geothermal reservoirs, aeronautics and astrophys-
ics. In some applications, magnetic forces are present, and at
other times, the ﬂow is further complicated by the presence
of radiation absorption, an excellent paradigm of this is in
the planetary atmosphere where there is radiation absorption
from nearby stars. The inﬂuence of a magnetic ﬁeld on the ﬂow
of an electrically conducting viscous ﬂuid with mass transfer
and radiation absorption is also useful planetary atmosphere
research [24]. Umavathi and Malashetty [25] have studied the
problem of combined free and forced mixed convection ﬂow
in a vertical channel with symmetric and asymmetric boundary
heating in the presence of viscous and Joulean dissipations.
The effects of chemical reaction and radiation absorption in
the unsteady MHD free convection ﬂow past a semi-inﬁnite
vertical permeable moving plate with a heat source and suction
were studied by [26,27].
The current development of magnetohydrodynamics appli-
cation is toward a strong magnetic ﬁeld (so that the inﬂuence
of electromagnetic force is noticeable) and toward a low density
of the gas (such as in space ﬂight and in nuclear fusion research).
Under this condition, the Hall current becomes important. The
rotating ﬂowof an electrically conducting ﬂuid in the presence of
a magnetic ﬁeld is encountered in geophysical, cosmical ﬂuid
dynamics, medicine and biology. Application in biomedical
engineering includes cardiac MRI, ECG, etc. Several engineer-
ing applications in areas of Hall accelerator as well as in ﬂight
MHD have been studied by the researchers [28–31]. Recently,
Bakr [32] presented an analysis of MHD free convection and
mass transfer adjacent to moving vertical plate for micropolar
ﬂuid in a rotating frame of reference in the presence of heat gen-
eration/absorption and a chemical reaction. Later, the same
work was extended by Das [33] with thermal radiation effects.
To the best of our knowledge, the problem of magnetohy-
drodynamics unsteady free convection ﬂow of a micropolar
ﬂuid in a rotating frame of reference to Hall effects and radi-
ation absorption has remained unexplored. So, the main objec-
tive of this paper is to extend the work of Ref. [33] in three
directions: (i) to consider MHD micropolar ﬂuid in a rotating
frame of reference, (ii) to consider the Hall effects, and (iii) to
include the radiation absorption. The governing equations of
the ﬂow are solved analytically, and the effects of various ﬂow
parameters on the ﬂow ﬁeld have been discussed. The organi-
zation of the remnants of the paper is as follows. In Section 2,
we describe the model with it governing equations and bound-
ary conditions. Here, we also describe the solution method
brieﬂy. In Section 3, we present results and discussion. Finally,
in Section 4, we summarize our results and present our conclu-
sions. A comparison is made with the available results in the
literature, and salient features of the new results are analyzed
and discussed.
2. Mathematical analysis
In the Cartesian coordinate system (x, y, z), we consider an un-
steady three dimensional ﬂow of an incompressible viscous
electrically conducting micropolar ﬂuid past a semi-inﬁnite
vertical porous plate in a rotating system with thermal radia-
tion, chemical reaction, and Hall current in the presence of a
uniform transverse magnetic ﬁeld. The ﬂow is assumed to bein the x-direction, which is taken along the plate in upward
direction, and the y-axis is normal to it and the z-axis along
the width of the plate as shown in Fig. 1. The ﬂuid is consid-
ered to be a gray, emitting, and absorbing heat, but non-scat-
tering medium. When the strength of the magnetic ﬁeld is very
large, the generalized Ohm’s law in the absence of electric ﬁeld
takes the following form.
Jþ xese
B0
JH ¼ r leVHþ
1
ene
rPe
 
ð1Þ
Under the assumption that the electron pressure (for
weakly ionized gas), the thermo-electric pressure and ion-slip
conditions are negligible, now the above equation becomes:
jx ¼
rleH0
1þm2 ðmv uÞ and jz ¼
rleH0
1þm2 ðmuþ vÞ ð2Þ
where u is the x-component of V; v is the y-component of V
and m(=xese) is Hall parameter.
Our investigation is restricted to the following assumptions.
(i) All the ﬂuid properties except the density in the buoy-
ancy force terms are constant.
(ii) The plate is electrically non-conducting.
(iii) The entire system is rotating with angular velocity X
about the normal to the plate.
(iv) The magnetic Reynolds number is so small that the
induced magnetic ﬁeld can be neglected. Also, the elec-
trical conductivity r of the ﬂuid is reasonably low, and
hence, the Ohmic dissipation may be neglected.
(v) It is assumed that there is no applied voltage which
implies that electric ﬁeld is absent.
The equations governing the ﬂow, heat, and mass transfer
are:
@w
@z
¼ 0 ð3Þ
@u
@t
þ w @u
@z
 2Xv ¼ ðtþ trÞ @
2u
@z2
þ gbTðT T1Þ
þ gbCðC C1Þ 
tu
k
 tr @ x2
@z
þ rl
2
eH
2
0ðmv uÞ
qð1þm2Þ ð4Þ
@v
@t
þ w @v
@z
þ 2Xu ¼ ðtþ trÞ @
2v
@z2
 tv
k
þ tr @ x1
@z
 rl
2
eH
2
0ðmuþ vÞ
qð1þm2Þ ð5Þ
@ x1
@t
þ w @ x1
@z
¼ K
qj
@2 x1
@z2
ð6Þ
@ x2
@t
þ w @ x2
@z
¼ K
qj
@2 x2
@z2
ð7Þ
@T
@t
þ w @T
@z
¼ k
qCP
@2T
@z2
 Q
qCP
ðT T1Þ þ Q

l
qCP
ðC C1Þ
 1
qCP
@qr
@z
ð8Þ
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@t
þ w @C
@z
¼ Dm @
2C
@z2
 RrðC C1Þ ð9Þ
The relevant boundary conditions are:
u ¼ v ¼ 0; x1 ¼ x2 ¼ 0;T ¼ T1;C ¼ C1 For t 6 0 ð10Þ
u ¼ Ur 1þ e
2
ðeint þ eintÞ
n o
; v ¼ 0
x1 ¼  1
2
@v
@z
; x2 ¼ 1
2
@u
@z
;T ¼ Tw;C ¼ Cw at z
¼ 0 For t > 0 ð11Þ
u ¼ v ¼ 0; x1 ¼ x2 ¼ 0;T ¼ T1;C ¼ C1 as z ! 1
The oscillatory plate velocity assumed in Eq. (11) is based
on the suggestion proposed by Ganapathy [34].
We now consider a convenient solution of the continuity
Eq. (3) to be
w ¼ w0 ð12Þ
where the w0 represents the normal velocity at the plate which
is positive for suction and negative for blowing.
The radiative heat ﬂux term by using the Rosseland approx-
imation is given by
qr ¼ 
4r
3k
@T4
@z
ð13Þ
T4 ¼ 4TT31  3T41 ð14Þ
@qr
@z
¼  16T
3
1r

3k
@2T
@z2
ð15Þ
Let us introduce the following non-dimensional quantities:
u ¼ u
U
;v ¼ v
Ur
;z ¼ zUr
t
;t ¼ tU
2
r
t
;n ¼ nt
U2r
;Ql¼
Ql ðCwC1Þ
ðTwT1ÞU2r
x1¼
x1t
U2r
; x2¼
x2t
U2r
;a¼Rrt
U2r
;M¼leH0
Ur
ﬃﬃﬃﬃﬃ
rt
q
r
;k¼K
lj
;D¼ tr
t
R¼2Xt
U2r
;K¼kU
2
r
t2
;F¼4T
3
1r
kk
;S¼w0
Ur
;Sc¼ t
Dm
;Pr¼lCp
k
h¼ TT1
TwT1 ;/¼
CC1
CwC1 ;Gr¼
tgbTðTwT1Þ
U3r
;
Gm¼ tgbcðCwC1Þ
U3r
;Q ¼Qt
2
U2r k
ð16Þ
In view of Eq. (16), the basic ﬁeld Eqs. (3)–(9) can be ex-
pressed in non-dimensional form as:
@u
@t
 S @u
@z
 Rv ¼ ð1þ DÞ @
2u
@z2
þ Grhþ Gm/
 M
2
1þm2 þ
1
K
 
u D @ x2
@z
þ mM
2
1þm2
 
v ð17Þ
@v
@t
 S @v
@z
þ Ru ¼ ð1þ DÞ @
2v
@z2
 M
2
1þm2 þ
1
K
 
v
þ D @ x1
@z
 mM
2
1þm2
 
u ð18Þ@ x1
@t
 S @ x1
@z
¼ k @
2 x1
@z2
ð19Þ
@ x2
@t
 S @ x2
@z
¼ k @
2 x2
@z2
ð20Þ
@h
@t
 S @h
@z
¼ 1
Pr
ð1þ 4F
3
Þ @
2h
@z2
 Q
Pr
hþQl/ ð21Þ
@/
@t
 S @/
@z
¼ 1
Sc
@2/
@z2
 a/ ð22Þ
The corresponding boundary conditions (10) and (11) in
view of scaling relation (16) reduce to
u ¼ v ¼ 0; x1 ¼ x2 ¼ 0; h0 ¼ 0;/0 ¼ 0 For t 6 0 ð23Þ
u ¼ 1þ e
2
ðeint þ eintÞ; v ¼ 0; x1 ¼  1
2
@v
@z
; x2 ¼ 1
2
@u
@z
;
h ¼ 1;/ ¼ 1 at z ¼ 0 For t > 0
u ¼ v ¼ 0; x1 ¼ x2 ¼ 0; h ¼ 0;/ ¼ 0 as z ! 1 ð24Þ
To obtain desired solutions, we now simplify Eqs. (17)–(20)
by putting the ﬂuid velocity and angular velocity in the com-
plex form as:
V ¼ uþ iv;x ¼ x1 þ ix2 and we get
@V
@t
 S @V
@z
þ iRV ¼ ð1þ DÞ @
2V
@z2
þ Grhþ Gm/
 M
2
1þm2 þ
1
K
 
Vþ iD @x
@z
 i mM
2
1þm2
 
V ð25Þ
@x
@t
 S @x
@z
¼ k @
2x
@z2
ð26Þ
The associated boundary conditions (23) and (24) become
V ¼ 0;x ¼ 0; h ¼ 0;/ ¼ 0 For t 6 0 ð27Þ
V ¼ 1þ e
2
ðeint þ eintÞ;x ¼ i
2
@V
@z
; h ¼ 1;/ ¼ 1 at z
¼ 0 and V ¼ 0;x ¼ 0; h ¼ 0;/ ¼ 0 as z
! 1 For t > 0 ð28ÞAnalytical solutions:
In order to reduce the above system of partial differential
equations in dimensionless form, we may represent the linear
and angular velocities, temperature and concentration as V,
x, h, and / as
Vðz; tÞ ¼ V0 þ e
2
feintV1ðzÞ þ eintV2ðzÞg
xðz; tÞ ¼ x0 þ e
2
feintx1ðzÞ þ eintx2ðzÞg
hðz; tÞ ¼ h0 þ e
2
feinth1ðzÞ þ einth2ðzÞg
/ðz; tÞ ¼ /0 þ
e
2
feint/1ðzÞ þ eint/2ðzÞg
ð29Þ
Substituting the above Eq. (29) into the Eqs. (19), (20), (23),
and (24) and equating the harmonic and non-harmonic terms
and neglecting the higher order terms of O(e2), we obtain the
following set of equations:
ropolar ﬂuid in a rotating system 847Zeroth order equations are:00 0 0
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kx000 þ Sx00 ¼ 0 ð31Þ
ð3þ 4FÞh000 þ 3SPrh00  3Qh0 þ 3QlPr/0 ¼ 0 ð32Þ
/000 þ SSc/00  aSc/0 ¼ 0 ð33ÞFirst order equations are:ð1þ DÞV001 þ SV01  a2V1 þ Grh1 þ Gm/1 þ iDx01 ¼ 0 ð34Þ
kx001 þ Sx01  inx1 ¼ 0 ð35Þ
ð3þ 4FÞh001 þ 3SPrh01  3ðQþ inPrÞh1 þ 3QlPr/1 ¼ 0 ð36Þ
/001 þ SSc/01  ðaþ inÞ/1 ¼ 0 ð37ÞSecond order equations are:Figure 1 Physical model and coordinate system of the problem.ð1þ DÞV002 þ SV02  a3V2 þ Grh2 þ Gm/2 þ iDx02 ¼ 0 ð38Þ
kx002 þ Sx02 þ inx2 ¼ 0 ð39Þ
ð3þ 4FÞh002 þ 3SPrh02  3ðQ inPrÞh2 þ 3QlPr/2 ¼ 0 ð40Þ
/002 þ SSc/02  ða inÞ/2 ¼ 0 ð41Þ
where the prime denote differentiation with respect to z.
The corresponding boundary conditions can be written
as
V0 ¼ V1 ¼ V2 ¼ 1;x0 ¼ i
2
V00;x1 ¼
i
2
V01;x2 ¼
i
2
V02
h0 ¼ 1; h1 ¼ h2 ¼ 0;/0 ¼ 1;/1 ¼ /2 ¼ 0; at z ¼ 0
ð42Þ
V0 ¼ V1 ¼ V2 ¼ 0;x0 ¼ x1 ¼ x2 ¼ 0
h0 ¼ h1 ¼ h2 ¼ 0;/0 ¼ /1 ¼ /2 ¼ 0 at z!1
ð43Þ
Solving Eqs. (30)–(41) under the boundary conditions (42)
and (43) we obtain the expression for translational velocity,
micro-rotation, temperature and concentration as:
V ¼ A3em1z þ A4em2z þ A5em3z þ A6eSkz þ e
2
fðA7em4z
þ A8em5zÞeint þ ðA9em6z þ A10em7zÞeintg ð44Þ
x ¼ B1eSkz þ e
2
fB2eintm4z þ B3eðintþm6zg ð45Þ
h ¼ A1em1z þ A2em2z ð46Þ
/ ¼ em1z ð47Þ
The physical quantities of engineering interest are skin fric-
tion coefﬁcient, couple stress coefﬁcient, Nusselt number and
Sherwood number.
Skin friction is caused by viscous drag in the boundary
layer around the plate, and then, it is important to discuss
the skin friction, from the knowledge of velocity, free skin fric-
tionsional form can be calculated as follows:
Cf ¼
swjz¼0
qU2r
¼ 1þ D 1þ i
2
  
V0ð0Þ
¼  1þ D 1þ i
2
  
½A3m1 þ A4m2 þ A5m3 þ Sk A6
þ e
2
fðA7m4 þ A8m5Þeint þ ðA9m6 þ A10m7Þeintg ð48ÞThe couple stress coefﬁcient at the wall Cs is given by
Cs ¼ @x1
@z

z¼0
þ i@x2
@z

z¼0
¼ x0ð0Þ
¼  SB1
k
þ e
2
ðB2m4eint þ B3m6eintÞ
 
ð49Þ
The rate of heat transfer between the ﬂuid and the plate is
studied through non-dimensional Nusselt number. The rate of
heat transfer in terms of Nusselt number is given by
Nu ¼
v @T
@z
 	
z¼0
Tw  T1 ¼ Rexh
0ð0Þ ) Nu
Rex
¼ h0ð0Þ
¼ A1m1 þ A2m2 ð50Þ
where Rex ¼ Urxt is the local Reynolds number.
The local Sherwood number Shx is given by
Shx ¼ 
v @C
@z
 	
z¼0
Cw  C1 ¼ Rex/
0ð0Þ ) Shx
Rex
¼ /0ð0Þ ¼ m1 ð51Þ3. Results and discussion
Numerical evaluation of analytical results reported in the pre-
vious section was performed, and a representative set of results
is reported graphically in Figs. 1-11. These results are obtained
to illustrate the inﬂuence of various parameters on the velocity
V, micro-rotation x, temperature h, and concentration / pro-
ﬁles, etc. In these calculations, we consider e= 0.02, n= 10,
and t= 0.1, while other parameters are varied over a range
which are listed in ﬁgure captions.
To verify the validity and accuracy of the present analysis,
our results have been compared to the local skin friction coef-
ﬁcient, the local Nusselt number, and Sherwood number with
those obtained by [33] for various values of D. The results of
this comparison are given in Table 1. It can be seen from this
table that excellent agreement between the results exists. This
favorable comparison leads conﬁdence in the next section.
Figs. 2a and 2b, respectively, show the translational veloc-
ity and micro-rotation proﬁles for different values of a mag-
netic ﬁeld parameter M. Fig. 2a shows that the translational
velocity ﬁeld decreases with increase in a magnetic ﬁeld param-
eter M along the surface. These effects are much stronger near
the surface of the plate. This indicates that the ﬂuid velocity re-
duced by increasing the magnetic ﬁeld and conﬁnes the fact
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Figure 2a Velocity proﬁles for various values of M.
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Figure 2b Micro-rotation proﬁles for various values of M.
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Figure 3a Velocity proﬁles for various values of a.
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Figure 3b Micro-rotation proﬁles for various values of a.
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Figure 4a Velocity proﬁles for various values of Q.
848 P.V. Satya Narayana et al.that the application of a magnetic ﬁeld to an electrically con-
ducting ﬂuid produces a dragline force which causes reduction
in the ﬂuid velocity. In the case of [33], the magnetic parameter
M shows the reverse effect on the velocity proﬁle. This remark-
able feature of the velocity proﬁles in our investigation in due
to the presence of transverse magnetic ﬁeld, Hall current and
radiation absorption in the ﬂow ﬁeld. This phenomenon has
a good agreement with the physical realities. Fig. 2b shows
that the micro-rotation ﬁeld decreases with the increase in a
magnetic ﬁeld parameter M within the domain. Further, we
see from this ﬁgure that the micro-rotation ﬁeld decreases
gradually for the increase of a magnetic ﬁeld parameterM near
the surface.
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Effects of Hall current and radiation absorption on MHD micropolar ﬂuid in a rotating system 849Figs. 3a, 3b, 3c, and 3d, respectively, show the translation
velocity, micro-rotation, temperature, and concentration pro-
ﬁles for different values of the chemical reaction parameter
a. It is clear from the ﬁgures that the translation velocity, tem-
perature, and concentration proﬁles decrease with the increase
of the parameter a where as the reverse trend is observed in the
case of micro-rotation proﬁle. The effect of a on velocity and
concentration is reverse in case of [32]. This is due to the dom-
inate role of the Hall current, and radiation absorption in the
ﬂow ﬁeld. These results clearly supported from the physical
point of view.
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Figure 7a Velocity proﬁle for various values of F.
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Table 1 Comparison of skin-friction, Nusselt number and
Sherwood number of the present case with those of Das [33] for
different D at S= 1.0, Sc= 0.13, a= 0.5, e= 0.02, R= 0.2,
k= 0.02, n= 10.0, t= 0.1, Gr= 12.0, Gm= 7.0, Pr= 2.81,
Q= 2.5, F= 0.5, M= 2.5, and K= 10.0.
D Das [33] Present results
Ql = 0.0, m= 0.0
Cf Nu Sh Cf Nu Sh
1.0 12.07 1.456 0.276 12.07 1.456 0.276
2.0 11.11 1.456 0.276 11.12 1.456 0.276
3.0 10.23 1.456 0.276 10.23 1.456 0.276
4.0 9.395 1.456 0.276 9.395 1.456 0.276
Effects of Hall current and radiation absorption on MHD micropolar ﬂuid in a rotating system 851Figs. 4a, 4b, and 4c, respectively, show the translation
velocity, micro-rotation, and temperature proﬁles for different
values of heat generation parameter Q. It is obvious from the
graphs, all the translation velocity, micro-rotation and temper-
ature distributions decrease with increase of Q. Heat sink(source) physically implies absorption (evolution) of heat from
the surface, which decreases (increases) the temperature in the
ﬂow ﬁeld. Therefore, as heat sink parameter increased, the
temperature decreases steeply and exponentially from the plate
but heat source parameter enhances it. These ﬁndings are sim-
ilar to those obtained by [32,33].
For various values of Ql, the proﬁles of translation velocity,
the micro-rotation, and temperature proﬁles across the bound-
ary layer are shown in Figs. 5a, 5b, and 5c. It is clear from the
graphs that all the translation velocity, micro-rotation and
temperature increase with an increase of Ql which is due to
the fact that when heat is absorbed the buoyancy force which
accelerated the ﬂow.
Figs. 6a and 6b respectively show the effect of D on trans-
lational velocity and micro-rotation proﬁles for a stationary
porous plate. It shows that both the translational velocity ﬁeld
and micro-rotation decrease as the increasing values of viscos-
ity ratio D. These ﬁndings are similar to those obtained from
[33] but are reverse in case of Ref. [32]. This is due to the pres-
ence of radiation parameter in the ﬂow ﬁeld.
Figs. 7a, 7b, 7c, respectively, show the translational veloc-
ity, micro-rotation and temperature proﬁles for different val-
ues of the thermal radiation parameter F. It is observed from
ﬁgures that both the translational velocity and temperature
proﬁles increase with the increase in radiation parameter (F),
but the effect is reversed for micro-rotation distribution. Phys-
ically speaking, the thermal boundary layer thickness increases
with an increase in the thermal radiation. Thus, it is pointed
out that, the radiation should be minimized to have the cooling
process at a faster rate.
852 P.V. Satya Narayana et al.Figs. 8a and 8b respectively, show the translational velocity
and micro-rotation proﬁles for different values of a rotational
parameter R. The results display that, with an increasing of R,
the translation velocity decreases, but the magnitude of micro-
rotation increases as, R increases as noted in Ref. [32].
Figs. 9a and 9b respectively show the effect of Hall current
parameter m on the translational velocity and micro-rotation
distributions. We observe from Fig. 9a that the translational
velocity ﬁeld steeply rises up to maximum peaks as the Hall
parameter m increases. In Fig. 9b, we see that the micro-
rotation proﬁle approaches their classical values when the Hall
parameterm becomes large. This means that the micro-rotation
proﬁle decreases with increasing values of Hall parameter m.
Figs. 10a, 10b, 10c, 10d display the variation of the local skin
friction coefﬁcient Cf, couple stress Cs, Nusselt number Nu and
Sherwood number Shx with magnetic ﬁeldM for various values
ofD andS. Figs. 10a and 10b described the behavior of skin fric-
tion the coefﬁcient and couple stress with changes in the values
ofM and D. It is observed from Fig. 10a that the local skin fric-
tion coefﬁcient is reduced due to increase in the magnetic ﬁeld
strength, as expected since the applied magnetic ﬁeld tends to
impede the ﬂow motion and thus reduces the surface friction
force, where as reverse effect is observed in the case of couple
stress (fromFig. 10b). On the other hand asD increases skin fric-
tion decrease and couple stress increase. Figs. 10c and 10d dis-
play the heat transfer coefﬁcient and Sherwood number in
terms of a magnetic ﬁeld parameterM corresponding to the dif-
ferent values of S. These ﬁgures clearly show that, Nusselt num-
ber, and Sherwood number increase with increase in the value of
S, whereas M has no effect on Nu and Shx. Also from Eqs. (6)
and (7) it is clear that the equations are independent of M. So
M has no effect on Nu and Shx.
Figs. 11a and 11b present the effects of radiation param-
eter F and magnetic ﬁeld parameter M on translational veloc-
ity and micro-rotation proﬁles for both Newtonian and polar
ﬂuid conditions, respectively. Increasing the radiation param-
eter and magnetic ﬁeld parameter has the tendency to in-
crease for both the translational velocity and the micro-
rotation proﬁles. In addition, it is seen that the ﬂuid velocity
and micro-rotations are lower for polar ﬂuids than for
Newtonian ﬂuids.4. Conclusions
We analyze the effects of Hall current, rotation and radiation
absorption on MHD free convection and mass transfer ﬂow of
micropolar ﬂuid past a vertical porous plate. The governing
equations were solved analytically by using the perturbation
technique. The effects of the various parameters on velocity,
micro-rotation, temperature and concentration proﬁles, etc.,
are examined. From the present calculations, we may arrive
at the following conclusions.
1. The magnetic parameter M retards the velocity of the ﬂow
ﬁeld at all points, due to themagnetic pull of the Lorentz force
acting on the ﬂow ﬁeld. In case of Ref. [33], the above param-
eter shows wavy character above the axis of a rotation in the
plane of the plate. This remarkable feature of the velocity pro-
ﬁles in our investigation is due to the presence of Hall current
and radiation absorption. (i.e. the strong magnetic ﬁeld stabi-
lizes this ﬂow making the wavy character disappears.)2. The ﬂuid motion is retarded due to chemical reaction.
Hence, the consumption of chemical species causes a fall
in the concentration ﬁeld which in turn diminishes the
buoyancy effects due to concentration gradients. Hence
the ﬂow ﬁeld is retarded.
3. Due to chemical reaction, the concentration of the ﬂuid
decreases. This is because the consumption of chemical spe-
cies leads to a fall in the species concentration ﬁeld. But it is
reverse in case of Ref. [32]. This is due to the dominate role
of the Hall current and radiation absorption in the ﬂow
ﬁeld.
4. The magnitude of skin friction at the plate is found to
decrease due to increasing M.
5. The rate of mass transfer Shx and rate of heat transfer Nu
increase due to increase in S, whereas M exhibits no effect
on these proﬁles.Acknowledgment
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